Background: Research interest on immediate placement of dental implants has shifted from implant survival toward optimal preservation of soft and hard tissues. The aim of this study is to systematically assess the condition of implant survival, peri-implant hard and soft tissue changes, esthetic outcome, and patient satisfaction of immediately placed single-tooth implants in the esthetic zone.
S
ingle-tooth implant placement in the esthetic zone is a highly reliable treatment option for replacing a failing tooth. [1] [2] [3] Research interest has shifted from implant survival toward optimal preservation of soft and hard tissues. 3, 4 Moreover, attention has shifted to esthetic outcomes and patientcentered outcomes of single-tooth implant placement. [5] [6] [7] The esthetic outcome is determined to a large extent by healthy and stable periimplant tissues as well as the fabricated implant crown. Several esthetic indexes, such as the implant crown esthetic index (ICAI), 6 the pink esthetic score (PES), and the white esthetic score (WES), 7 have been developed to objectify the esthetic outcome, while for patientcentered outcomes, the Oral Health Impact Profile (OHIP) 5 has been developed. There is a growing tendency to place implants immediately after extraction, often combined with immediate provisionalization. 2 This tendency is probably a result of evolving society factors, more demanding patients, and the wish for quick results, among other reasons. However, it is suggested that timing of implant placement and timing of provisionalization influences periimplant soft and hard tissues, [8] [9] [10] [11] thus challenging the esthetic and patientcentered outcome. According to some recent studies, implant survival seems to be hardly affected by timing of implant placement relative to tooth extraction. [1] [2] [3] In terms of hard and soft tissue changes, however, no definitive conclusions have been drawn from the available literature so far. The focus of recent systematic reviews is on specific aspects of peri-implant tissues after immediate implant placement. In the study by Lang et al., 12 for example, implant survival and success rates were the only parameters measured, whereas in the studies of Lin et al. 13 and Cosyn et al., 9 only recession of soft tissues was observed.
A systemic review of all identified variables affecting the treatment outcome of immediate implant placement is, to the best of the authors' knowledge, not available in the international literature. Therefore, the aim of the present study is to perform a systematic review on the currently available literature assessing implant survival, periimplant hard and soft tissues, esthetic outcome, and patient outcomes after immediate placement of endosseous dental implants in the esthetic zone. In addition, a pooled analysis of the included studies is performed to identify factors possibly associated with the aforementioned outcome variables.
MATERIALS AND METHODS

Search Strategy
Three electronic databases were considered by two reviewers (KS and LH): MEDLINE (PubMed), CENTRAL (Cochrane Central Register of Controlled Trials), and EMBASE. No language restriction was applied. Databases were scrutinized for studies published up to June 1, 2013. The search was performed from January 1 to May 31, 2013. The search strategy is outlined in Table 1 .
Study Selection
Titles and abstracts of the identified publications were screened. Full-text articles were obtained for all potentially relevant studies, and eligibility assessment was performed by two independent reviewers (KS and LH). In addition, references of the selected publications and previously published reviews relevant to the present review were searched for eligible studies. In case of disagreement between the two reviewers, consensus was reached by discussion with the senior author (GR). To ensure that no patients were analyzed twice in the pooled analysis, for studies in which the same patients were analyzed with different follow-ups, leading to different publications, the study with the longest follow-up was selected for definitive analysis.
Inclusion Criteria
Prospective studies with a follow-up period of ‡1 year or observational studies with implants placed in the esthetic zone with a follow-up of ‡1 year (in function) were considered. The esthetic zone was defined from second premolar to second premolar. 
Quality Assessment
Methodologic quality was assessed by two reviewers (KS and LH) using specific study design-related forms designed by the Dutch Cochrane Collaboration. The two observers independently assessed the included articles 8,10,11,14-48 based on the recommended approach for assessing risk of bias in Cochrane reviews (Table 2) .
Data Extraction
The data that were extracted and reorganized are presented in supplementary Tables 1 through 3 in online Journal of Periodontology. Flowchart of study selection procedure according to the PRISMA statement.
Data regarding the following outcome variables (if present) were assessed: 1) implant survival; 2) change in marginal peri-implant bone level (MBL) (the mean reported MBL was used; in studies with mesial/distal MBL, the mean of the two was calculated and used for analysis); 3) change in interproximal peri-implant mucosal level (IML) (the mean reported IML was used; in studies with mesial/ distal IML, the mean of the two was calculated and used for analysis); 4) change in midfacial periimplant mucosal level (MML), papilla index, 4 width of keratinized mucosa or gingival index, bleeding index, 49 plaque index, 49 mean probing depth; 5) esthetics assessed by means of an objective index; 6,7 and 6) patient satisfaction, assessed using OHIP, 5 visual analog scale (VAS), or questionnaire.
Statistical Analyses: Pooled Analyses
To perform a pooled data analysis and to identify potential predictive factors for the outcome variables, all available study data were reorganized in a new data set. From the included manuscripts, all available data were individualized after extraction. As such, raw data were obtained from these studies. Fields that could not be individualized were left empty and censored in the analysis accordingly. All analyses that could be performed were conducted on an individual patient level. The following predictors were considered: 1) age; 2) sex; 3) timing of provisionalization (immediate or delayed); 4) flap (yes or no); 5) connective tissue graft (yes or no); 6) grafting material (autograft, allograft, xenograft with or without resorbable or non-resorbable membrane); 7) biotype (thick or thin); 8) primary stability (divided in three groups: £25, >25 to <35, ‡35 N/cm); 9) duration of temporary provisionalization (months); 10) material of definitive restoration (ceramic or porcelain fused to metal [PFM]); and 11) screw-or cementretained definitive crown. Antibiotic use and the use of mouth rinse were not considered, as either all patients received antibiotics or mouth rinse, or data were not reported.
Confidence intervals (95% CIs) of the survival proportion were calculated using the Wilson procedure without continuity correction. Only data on implant survival and MBL could be meaningfully combined into the pooled data analysis. Regarding the other variables, insufficient data were available. Risk factors (odds ratio [OR]) for implant survival (yes/no) were analyzed by multiple binary logistic regression analysis. All factors with a P value <0.10 were considered in the multiple model using a backward elimination strategy. MBL was categorized into two groups: bone level change <0.50 and >0.50 mm. For this outcome variable, univariate binary logistic regression analysis was also applied. 
Characteristics of Included Studies
RESULTS
Study Inclusion
The MEDLINE, EMBASE, and Cochrane CENTRAL searches resulted in 993, 273, and 130 hits, respectively. Figure 1 outlines the flowchart according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. After extracting duplicate citations, 637 publications remained to be screened. After screening of titles and abstracts, 98 publications were selected for full-text analysis. Screening the bibliographies of relevant reviews and selected publications revealed no additional publications. Of the 98 publications, 60 were excluded after full-text analysis and quality assessment. Two disagreements occurred, which were easily resolved in a consensus meeting. This led to 38 studies available for initial analysis. Four studies [14] [15] [16] 34 were excluded from the pooled analysis because the same patient population was described (only the study with the longest follow-up was used). In the final pooled analysis, 34 studies were considered eligible for pooled analysis ( Table 2, and supplementary Tables 1 through  3 in online Journal of Periodontology). Of these, five were randomized clinical trials (RCTs), 11, [17] [18] [19] 21 one was a controlled trial (CT), 20 and 28 were observational studies. 8, 10, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] 
Patient Characteristics
In the pooled analysis of 34 studies, 985 implants in 979 patients were analyzed. Characteristics are shown in In addition, primary stability of >25 to <35 N/cm (OR 0.01, 95% CI: 0.01 to 0.04, P <0.000) and ‡35 N/cm (OR 0.17, 95% CI: 0.08 to 0.34, P <0.000) and the use of a screw-retained instead of a cement-retained provisional crown (OR 0.01, 95% CI: 0.00 to 0.03, P <0.000) were both strongly associated with marginal peri-implant bone loss <0.50 mm.
Mean Changes in Peri-implant Soft Tissue
Mean loss of IML and MML was 0.38 -0.23 and 0.54 -0.39 mm after ‡12 months of follow-up, respectively.
DISCUSSION
Survival of immediately placed implants was excellent, with 97% after ‡1 year of follow-up, and comparable to previously published survival rates. 12 Timing of provisionalization was not associated with outcome in terms of implant survival. These are important results, underlining the advantage of immediate provisionalization, because survival rates of implants were not inferior to those of delayed provisionalization.
Regarding risk factors for MBL, immediate provisionalization was associated with bone level change of <0.50 mm, which is, in the authors' opinion, a clinically relevant observation. From this, it may be concluded that micromotion is possibly not as important as previously thought in terms of MBL loss. Furthermore, the use of a flap and connective tissue graft was also significantly associated with an MBL change of >0.50 mm, thereby confirming a recent observation that the use of a flap should be avoided when possible. 26 When an implant site does not need a complementary connective tissue graft during the installation of the dental implant, favorable conditions are probably already present. It is hypothesized that immediate provisionalization, as was performed in the majority of cases included in this review, without a flap or connective tissue graft, is associated with lower MBL. In future studies, not only should MBL be taken into account, but also buccal bone level (BBL) change. The presence or absence of buccal bone may influence final outcome. The preoperative surgical site is not always suitable for immediate placement and provisionalization, and there are clinical conditions in which immediate placement is not an optimal treatment option, e.g., in severely inflamed areas or in medically compromised patients. In such cases, the surgical site is usually optimized by the use of a flap or connective tissue graft, or special precautions have to be taken. However, the reasons for extraction of the tooth to be replaced were mostly underreported. Obviously, the preoperative condition of the peri-implant tissues is of critical importance for the definitive result of the implant. The mean calculated MBL is in line with other studies, 16, 20, 21 as well as the calculated IML and MML. 15, 16 It was not possible to analyze the specific role of antibiotics and mouth rinse in this study because antibiotics and mouth rinse were used in all included studies or their use was not reported. In addition, the included studies used different types and schedules of antibiotics. Whether to use antibiotics in singleimplant placement obviously is an important topic of discussion because the use of antibiotics in a healthy population has never proven its benefits. 50 Further research regarding the need for antibiotics when placing implants in healthy individuals is warranted.
Some limitations of the present study have to be addressed. It was not possible to analyze all data on an individual patient basis because a lot of data were not available in the studies considered eligible for this review. Regarding MBL, a cutoff value of 0.50 mm was taken. One could discuss whether this is appropriate. It was not possible to use it as a continuous variable because differences were too small to perform a reliable regression analysis. Also, individual patient data were not available, so a cutoff value on the basis of the results could not be calculated. In the literature, no studies have been performed in this way, so this item is open for discussion. In the authors' opinion, a cutoff value of 0.50 mm makes sense; only this difference in height is possible to measure in clinical practice, and it can be seen on plain dental radiographs. Since multiple analysis could not be performed, it cannot be excluded that some variables significant after univariate analysis would not have been associated with MBL if correction had been possible. Also, because measurements of mucosal level changes were not standardized, the reported data in the included studies have to be interpreted carefully. It is not always clear how measurements took place. Another important issue is the patient population studied. Individual patient factors such as presence of diabetes or other comorbidities are very relevant in clinical practice, but medically compromised patients were excluded in all included studies to obtain ''clean'' results. The same is true for smoking (only non-smoking patients were included in the various studies). For clinical practice, these factors are important when it comes to implant survival rates and dimensions of the hard and soft tissues in the esthetic zone. The results of the present study, which are based on a systematic review of the available literature, should therefore be interpreted with caution. Nevertheless, the present results may have some important implications for clinical practice. An important issue, currently gaining interest, is patient satisfaction. In view of this, immediate placement and provisionalization in the esthetic zone has some important advantages: the patient immediately benefits from this treatment method, which can have a substantial, positive impact on the patient's quality of life. Thus, esthetic indexes and patient satisfaction scales have to be applied, in addition to the treatment outcome parameters already used, in future studies assessing the treatment outcome of immediate placement of dental implants in the esthetic zone.
CONCLUSION
Immediate placement with immediate provisionalization of dental implants in the esthetic zone results in an excellent short-term treatment outcome in terms of implant survival and minimal change of periimplant soft and hard tissue dimensions.
